The fatty acid synthetase system from E. coli catalyzes the formation of both saturated and unsaturated fatty acids from acetyl-CoA,I malonyl-CoA, and TPNH, in the presence of acyl carrier protein (ACP).2-4 Olefinic acids are favored; cisvaccenic acid is the major product, comprising 70-80 per cent of the nonpolar fatty acids formed. The ethylenic bond arises during chain elongation by dehydration of a j3-hydroxydecanoate intermediate. This process affords cis-3-decenoate which is directly elongated to palmitoleate and cis-vaccenate. The a,3-dehydration of B3-hydroxydecailoate leads to saturated fatty acids in the usual manner. f3-Hydroxydecanoate is the last intermediate common to both pathways.5
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The key enzyme in these transformations, f3-hydroxydecanoyl-thioester dehydrase, exhibits the properties demanded for its postulated physiological function. It is highly specific for the C10 carbon chain, catalyzing the reversible interconversion of three substrates, the thioesters of D-,3-hydroxydecanoate, trans-a,,3-decenoate, and cis-3,,y-decenoate (but not trans-0,,y-decenoate). 6 The enzyme has been purified (1200-fold) to a state of near homogeneity by fractionation of extracts of E. coli.7' 8 At all stages of purification, this dehydrase converts fi-hydroxydecanoyl-thioesters to a mixture of a,#3-and 3,,y-decenoates, in the ratio of 85 per cent a,,3/15 per cent #,,y under initial velocity conditions. While these properties were in accord with the function assigned to the enzyme, one fact remained to be explained. The isolated dehydrase converted f3-hydroxydecanoate primarily to a,4-decenoate, the precursor of saturated acids. On the other hand, the fatty acid synthetase of which the dehydrase is a presumed component catalyzed the formation of predominantly unsaturated acids, the elongation products of 3,,y-decenoate. In order to clarify this point we have utilized the finding that all transformations catalyzed by the dehydrase are profoundly and irreversibly inhibited by low (10-6 M) concentrations of the acetylenic analogue of 0,3Y-decenoate, 3-decynoyl-NAC.6' 9 The acetylenic inhibitor also has marked effects on the fatty acid synthetase of E. coli. The results of these experiments, reported below, clearly demonstrate that the dehydrase is indeed responsible for the formation of the double bond of the olefinic fatty acids in E. coli.
Materials. 30 minutes, the reaction products were saponified with 0.2 ml of 50 per cent KOH for 20 minutes at 1000. After acidification, fatty acids were extracted with 1 per cent ether in pentane (2 X 5 ml). This solvent quantitatively removes nonpolar and hydroxy acids without extraction of triacetic lactone, a product sometimes formed by the fatty acid synthetase."' 12 After backwashing with 4 ml of 2 N NaCl, the extract was evaporated to dryness under nitrogen and the residue was chromatographed on Unisil silicic acid (Clarkson Chemical Co.). Nonpolar acids (saturated and unsaturated) were eluted with 15 per cent ether in pentane (30 ml), the polar hydroxy acids with 50 per cent ether in pentane (20 ml). Aliquots of each fraction were counted in toluene scintillator solution in a Packard Tri-Carb liquid scintillation spectrometer. The remainder was prepared for analysis by gas-liquid chromatography, as follows. After carrier fatty acids (25 ,g each) were added, the products were esterified with BF3-methanol reagent (Applied Science, Inc.). The methyl esters were separated on a 6-ft column of 3 per cent tetracyanoethylpentaerythritol on Aeropak 30 (Wilkens Instrument and Research, Inc.), using an F & M model 400, equipped with a hydrogen-flame detector and variable stream splitter. The column temperature was programed to increase 50 per minute from 1200 to 1800. The effluent was passed directly to a proportional counter (Nuclear-Chicago) for determination of radioactivity. Efficiency of counting was approximately 70 per cent.
Results.-The inhibitor, 3-decynoyl-NAC, at low concentrations specifically and irreversibly abolishes the various activities of the isolated f3-hydroxydecanoylthioester dehydrase.6' 9 On the basis of the specificity of the purified dehydrase and its postulated function in fatty acid biosynthesis, one can predict the effect of this inhibitor on the complete synthetase reaction. If the dehydrase is indeed responsible for generating olefinic double bonds, the inhibitor should prevent the formation of long-chain unsaturated fatty acids. If, further, this dehydrase is the only enzyme capable of catalyzing the usual a,#-dehydration at the ten-carbon chain length, then the inhibitor should also abolish the formation of saturated acids by introducing a complete "metabolic block" at the level of f-hydroxydecanoate. An accumulation of the latter intermediate would then result. As seen in Table 1 , preincubation of the synthetase with 3-decynoyl-NAC, at 10-4 M, inhibited the formation of nonpolar long-chain fatty acids by more than 90 per cent, and increased the relative amount of hydroxy acids. f,-Hydroxydecanoate was the major product formed under these conditions (Table 2) . These results appeared, at first glance, to verify all the predictions offered above. However, the total utilization of acetyl-CoA was markedly reduced at this concentration of inhibitor; it appeared that other components of the synthetase system were also affected. These reactions were conducted on twice the scale indicated under the synthetase assay method (H8-acetyl-CoA, 30 msmoles, 16.5 X 106 dpm; final volume 1.0 ml). Synthetase (0.75 mg) was preincubated with the designated concentrations of inhibitor, dissolved in 0.01 M potassium phosphate buffer, pH 7.0, for 5 min at 370. Following addition of substrates, the incubations and analyses were conducted as described under Methods, except that 0.4 ml of 50% KOH was used in the saponification step. The polar fractions obtained in the experiment described in Table 1 were analyzed by gas-liquid chromatography as described under Methods.
In the expectation that at lower concentrations 3-decynoyl-NAC would be more selective and affect only the dehydrase, the experiments were repeated with 10-5 M inhibitor. Under these conditions, the production of nonpolar acids was only slightly reduced (Table 1) , but there was a profound change in the ratio of saturated to unsaturated acids (Fig. 1) . Formation of unsaturated fatty acids was almost completely abolished. On the other hand, the absolute amount of saturated acids was increased threefold. Clearly, only the pathway to olefinic acids was obstructed, and this block was accompanied by a diversion of f3-hydroxydecanoate toward saturated long-chain products.
The availability of a synthetase selectively altered to produce predominately Table 3 .
(A) Control synthetase (column 1, Table 3 ); (B) synthetase inhibited by 10-5 M 3-decynoyl-NAC (column 3, Table 3 ); and (C) inhibited synthetase plus p-hydroxydecanoyl-thioester dehydrase (column 4, Table 3 ).
In each case the arrow indicates the position of the solvent.
turned to the uninhibited level, and all traces of f3-hydroxydecanoate disappeared from the polar fraction.
Discussion.-We have demonstrated that the fatty acid synthetase system when incubated with the dehydrase inhibitor 3-decynoyl-NAC loses the ability to form long-chain unsaturated fatty acids. On addition of highly purified dehydrase the inhibited synthetase regains its normal properties. ,B-Hydroxydecanoyl-thioester dehydrase is thus indispensable for the biosynthesis of olefinic acids in E. coli. As an integral part of the fatty acid synthetase system, the enzyme is responsible for the introduction of the double bond into precursors of unsaturated acids.
In contrast, this enzyme is not indispensable for the formation of saturated fatty acids. This process continued, and was in fact increased threefold, in the face of complete inhibition of the dehydrase (10-5 M 3-decynoyl-NAC). It is therefore apparent that the synthetase system contains one or more additional enzymes capable of catalyzing the a,#-dehydration of ,B-hydroxy acids at the C10 level, at least under conditions where ,B-hydroxydecanoyl-thioester dehydrase is inactivated.
However, we cannot at present assess the relative importance of this additional dehydrase and of the specific f3-hydroxydecanoyl-thioester dehydrase for a,/3-dehydration at the C10 level under normal conditions (i.e., in the absence of inhibitor).
There is as yet insufficient evidence to decide which additional enzyme operates at the C10 level in the synthetase inhibited by 3-decynoyl-NAC. One candidate for this activity is the enoyl hydrase which catalyzes the ca,-dehydration of ,B-hy-.Vol.. 58, 1967 droxybutyryl-ACP.'3 The chain-length specificity of this enzyme is not known. There are also indications for the existence of a distinct dehydrase active with longchain,-hydroxy acids14' 15 and some of the present results support this evidence. It should be pointed out that the uninhibited E. coli synthetase system produces appreciable amounts of j3-hydroxy acids; f-hydroxymyristate is the major product (Tables 1-3 ). Kinetic studies"6 have shown that these hydroxy acids are true intermediates in the synthesis of long-chain nonpolar fatty acids; they accumulate because their dehydration is a rate-limiting step in the over-all synthetase reaction. These observations point to the existence of a rate-limiting long-chain dehydrase, which may or may not act at the Cl0 level.
At the higher concentrations of inhibitor (10-4 M), synthesis of all long-chain nonpolar acids is abolished, and f3-hydroxydecanoate is the major product. It is therefore likely that any other dehydrase competent at the C,0 level is also inhibited under these conditions. This inhibition may be useful in an attempt to identify the additional dehydrating enzyme(s).
The predominance of unsaturated fatty acids formed in the complete fatty acid synthetase system would seem to suggest that 3,'-decenoate is the major product resulting from dehydrase catalysis. However, in the transformation of ,3-hydroxydecanoate, studied as an isolated process, a,f-decenoate is highly favored, even during the initial period of dehydration. Superficially, it therefore seems that the enzyme behaves differently under these two circumstances. One explanation for this phenomenon would assume that an intrinsic preference of the isolated dehydrase for a,4 formation is reversed by conformational changes induced when the dehydrase interacts with other components of the synthetase system. Alternatively, it might be argued (1) that the enzyme directly dehydrates 3-hydroxydecanoate to f,'y-decenoate and (2) that a,#-decenoate arises secondarily by rapid isomerization of f,y-decenoate, and only under conditions where elongation of the latter cannot occur (i.e., under the conditions of the dehydrase assay). The is not responsible for the proportion of these products; rather, we consider it likely that the ordinarily high ratio of unsaturated to saturated long-chain acids produced in the synthetase reaction is determined primarily by the relative rates of the two reactions which remove the isomeric decenoates. These reactions are shown in Figure 3 . A rapid addition of the next C2 unit (from malonyl-ACP) to the f3,'y-decenoate, competing with a slow reduction of a,#-decenoate, could account for the predominance of unsaturated fatty acids, even in the face of dehydration favoring a,#-decenoate. Summary.-The enzyme f3-hydroxydecanoyl-thioester dehydrase from E. coli is completely inhibited by low concentrations of 3-decynoyl-N-acetylcysteamine.
When the E. coli fatty acid synthetase system is incubated with this inhibitor, the ability to form long-chain unsaturated fatty acids is abolished. Highly purified dehydrase completely relieves this inhibition. #3-Hydroxydecanoyl-thioester dehydrase is therefore an integral part of the bacterial fatty-acid synthetase system and is responsible for generating the double bonds of the olefinic long-chain acids produced by this system.
